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MATHEMATICAL INQUIRY INTO THE EFFECT OF WEATHER ON CORN YIELD IN THE EIGHT CORN BELT STATES. 

By €I. A. WALLACE, .4mociate Editor of Itkllnw'r Furtmr. 

INTRODUCCORY NOTE. 

Within the ast few years a number of mathematics1 studies have 
been publishefregarding the effect. of weather on crops. Prof. J. Warren 
Smith, Mr. T. A. Blair, Mr. J. R. Gincer, Mr. 5. C!ecil Alter, Prof. H. L. 
Moore, and others have drawn attention to the great importance of utili- 
zing statistical methods for the formulation of relations between thp 
occurrence of certain agricultural, meteorological, or other henomena, 
with alleged controlling factors. These are evideiices of tge advance- 
ment of the science of meteorology from the purely empirical s t a g  to a 
more scientific one in which mathematical methods are employed to 
state relations rather t.han indefinite words and language. 
The criticism is sometimes made that resiilts of the statistical analysis 

are necessarily crude and inexact, and that large deviations from the 
theory are met with. This may be true, but it is capable of improve- 
ment will come with more advanced studies. 

I t  i s  also alleged that ca able students are able to do quite as well 
without the aid of the matfematical formulz. This may he true. lwt. 
the statistical data to prove i t  so have by no means been advanred: i n  
fact, they are perhaps not available. doreover. it must he recognized 
that the mathematical relations based on statistirs are dependa.l,le and 
reliable. We know with a certain definiteness the range of scstt.er and 
deviationof the results. R e  know that very great deviations will 
occur but rare1 . The claim that the fcirecaater can do a5 well without 
as with the a d  of the formule is  not sufficient. He must be able to 
surpass the formule, or his forecasting instinct is in the long run no 
better than thestatistical equation. In other words, an examination of 
the current weather maps or the data lmwing on a particular antici- 

ated condition should enable the forecaster to conclude when the 
Formula is going t.o fa.il, and shape his forecasts to acromplish a higher 
verification. If he is unable to do this his fijrecasting instinct is really 
of little avail, because the statistical methods will accomplish the same 
results mithout even considering the weather map or the current 
conditions. It would bo interesting to conduct a corn arative study 
to ascertain how much bett,er a capable forecaster cou& do than the 
results arrived a t  by the statistical analysis.-P. F. MITIVW 

ISTRODLTCTIOX. 

As a. result of the excellent Iioneer work of . I .  Wsrren 
Smith, of tlie United Statw hesther  Bureau, it is coni- 
monly believed that July rainfall is the all-iniportmit. 
factor in cleterniinina the yield of corn in thc cenbritl pzwb 
of the corn belt. fn thc February, 1914, issuc of  tlw 
MOXTHLY WEATHER REVIEW J. Wa.rren Smith essniines 
in some detail by metins of tho correltttion cc-)effic.icmb 
method the relationship bc!tween various wenther fattors 
and corn yield in the vsrious corn-belt States mil miong 
other conclusions arrives :it the followinv: '*If the rain- 
fall for calendar months he considered. tKat for July has 

effect upon the corn yield than rrtinfnll for 

tis to thc importance of 
rainfall in July in determining corn yields, wliile it is 
absolutely sound as far as Ohio and several other corn- 
belt States is concerned, does not apply to Iowa. The 
object of this paper is to esamine, in somew1in.t greater 
detail than Prof. Smith has done in his publishetl work, 
the relation between corn yield, rainfall, and tcmperaturr 
in the months of Mtty,-June, Jul , mid August in each of 
tlie eight corn-belt States. I$r the most pnrt the 
m6thod of investigation will be by niems of c,orrelation 

-.. 

112: ib-93. 

13833-2+1 

? ! ~ v e a r  period froin lsnl to 1!)1!), inclusive. 
~~rcirlurr. troid.--'I'lic! scculnr or longtime tmnd of the 

corn yirltl for each St.:i.te is tlcterniined after tlic cus- 
t90niary niimiar such 11,s is clcscrihed on page 12 of the 
.Tnnu:tl?;, 1!)1 I). issue of the R P / ~ i o u '  t!f Emrnniic Stri,fistics, 

shetl by Hnrrartl University. Tlio actunl yields 
eriod under 

of ZTnitcd St;i.trs I h  mrtnient of ilvriculture and from 

I O l T ,  I n l s ,  ant1 I!)l!). 'I'lic? nictliotl of secular trend 
whon iipplicrl to the corn yirltls of Iowt for tlie 2g-ycar 
lwriotl untler considoration gives ti r d u e  of 29.9 bushels 
for the y t ~  1 ~ 9 1 ,  with t i n  n.wrttgc yenrly inrrctise of 
0.35 of 21 busliel, 01' 30.15 hiisliels for lS!Y2, und so on by 
0.25 huslicl additions to 36.n bushcls for 1919. In like 
ni:i.nnor tlic norninl corii yield in Ohio in 1919 based on 
tlic metliotl of siecular trend would bo 40.5 bushels as 
nompi ird  with 30.7 huslicls in IS91 the yearly addition 
sincc 1S!)1 being 0.353 of ii  lmslicl. In Intliann the yearly 
;ic-ltlit8ion is O.2:U bushel, the 1SOI raluc? is .I bushels, 
iind t,hr 1C)11) vnluc~ i< i . t i  bushels. In lllinois tho avernge 
y c d y  increase is O.12 hushel, the IS91 value is 32 
busliels~ an1.l t,he 191 9 d u e ,  !5.4 bushels. In  Missouri* 
the avorag(. y e d y  increase IS 0.044 busliols, the 1891 
\-;blue is %.!I hushcls. nntl the In19 d u e  23.1 bushels. 
In Nebrask:i.* thc sccu1ii.r trend is downward at  the rate of 
o.05 bushcl nnnunlly, the vdue in lS9l beins 26.3 and 
t.hr vnluc? in 191!t liring 34.8 hushcls. In kansas* the 
sccu1;i.r trciitl is itlso tlownwtiril itt the Ute  of 0.1% 
buslie1 ttnnudly from P3. i  bushels in IS91 t.0 17.2 busliols 
in 1 OICI. In Minncwitn tht! seculnr trend is upwtird at 
the rate of 0 x 2  busliel annunlly from 35.9 buslielv in 
1S{)1 to 35.4 bushels in I f ~ l r ~ .  

Ik,yurr.f~r,.c..~.--Tlie liest step is to clctorniine the per- 
wnt;iges wliicli tlie ;tc.tunl yield is year by ysrtr above or 
below the normal yit4il :is thus r-letemiinetl by tlie method 
of sc~cu1;ir tmml. For esmiplc, the nornial yield in 
[owit in 1 wiis sf5.9 bushels, ti~:cording to t,he method 
of sec.ular trend, wlitwas tlie actual yield wt~s 41.6 
bushels, or 13 per cent n b o ~ e .  For escli year of the 
?$)-year period and for each of the eight States is doter- 
mineci in this wtty the percentage deviation of tlie actual 
yield froni the nornid yield tis tleterniinecl by the method 
of secular trend. 

of the cight Shtes  for the %-year 
c:onsitler~tion nre t:iken from hpttrtment K ulletin 515 

t ~ i r  ~ c n r ~ m ) k s  of t ~ i r  1 Icpartmmt of Xgricultmc! for 191(i, 

TEMPERATURES AND RAlNPALL OP SUMMER MONTHS. 

L~t~erages.-Having determined the percentage devia- 
t,ioils of tlie yields year by year above and below the 
normal as determined by the metliod of secular trend, 

* In Kansas. Ncbnskn and Nissouri the method 01 secular trend rs applied to the 
ibS1-lrlB period may inrolrc some error inasmuch as the weather seems to have been 
less klvonthlc during thcpeiiwl1911-1Y19 than duriw thvt 01 1861-1899. In Kangnsand 
Xebrzrskn minor c~uscs  of the doumwird trend hw; heen decre:we in soil fcrti1it.g and 
west w.rrrl extension 01 the corn-grovinq artla. 

439 



440 

+3.0 
-0.2 

MONTHLY WEATHER REVIEW. 

........... -24.0 + 83.0 ............ .............. -3.0 + m n  ............ 
i + 12.0 ............ 

AU~UST, 1920 

+ 9.0 + 27.0 + 3.2 + 10i.S 
........... 

we next endeavor to deterniine. to what estent these 
deviations are caused by deviations in the rainfall or 
temperature above or below t,he mean for the 29-year 

. The averwe teni eratures for the 29-vear period 
g?yi!e eight corn%elt &ates for the months of May, 
June, July, and August are as follows: 

TABLE 1.-Arerage teniperalitre jlS91-1919). 

1 May. 1 June. 1 July. 1 August. 

............ ............ 

............ 
-25.3 

............ 

I 'F. OF. I 
Iowa ................................ 1 69.8 69. ? 
Illinois. i;:: j Indians. ............................. 
k'ans ns .............................. 15i. i  a. 4 
Minnesota ........................... 51.4 t i 4 . i  I 
Missouri.. ........................... 64.9 3 . 4  
Nebraska.. .......................... BS.9 G4.9 1 

............................. 

Ohio.. ............................... m. ti 68.3 I 

+ 34.s  + ss.4 
........... 
........... 

* F. 
il'. 0 
74.2 
i 3 . 9  

tii. 1 
ili.3 
72. S 
i1.4 

-- 
1 1 . 3  

............ ............ 
-47,5 
-11.2 

The average precipitation for the eigl?t States for the 
months of May, June, July, and August is as follows: 

TABLE 3.--,P~crage prceipitatw?t (lS91-1919). 

Tofal.. ....................... .j.. ......... 
I 

~ 

Iowa.. .............................. 
Illinois. ............................. Indlana. ............................. 
Kansas. ............................. 
Y i n n ~ t a . .  ......................... 
Missouri.. ........................... 
Nebraska.. .......................... 
Ohio.. ............................... 

I 

3.48 I 3.91 
3.TJ i 8. i9  

I 

4 7.2 + 7.8 ........... 
+ 24.7 
........... 

July. Ausist.  

............ 
4 4 . 6  
-21.7 

............ 

............ 

Depa~hres.-The nest step is to  determine the number 
of inches tlie precipitation is above or below tlie avcras 
year by year, as well as the number of the degrees the 
temperature is above or below the average year by year. 
For instance, in May, 1891, the Indiana ac.tua1 rnitifall 
was 1.6 inches, or 3.5 inches below tlie average of the 
29-yetsr period, which is 4.1 inchrs. 

-0 s I + 13.0 
n 

-1 .1  + 11.0 

CORRELATION OF CORN YIELD WITH WEbTHER.  

............ ........................ ............ 
~~ 

After the deviat,ions above or below the avcraw in 
inches of precipitation or d e p e s  of t,emperature %are 
been secured for tlie months of May, June, July, and 
August for each of the eight S t a b ,  t,lie ncst thing t'o 
do is to find the correlrttion between the clcrint.ion of 
the yield from the normal as determined by sccdar 
trend and the deviation in the temperature or rainfall, 
aa the case ma be, for any given month. 

May raiiifal T aid comb yield iri Kaii.scrs.-For example, 
determine the correlation betwecn tlie yield of linnsns 
corn and the Kansas May rainfall. In  1891 the Kansas 
corn yield was 18 per cent above normal, and t'he Iiansas 
May rainfall was 0.5 inch above the mean for the 59-year 
period. Likewise, in 1S93 the ICansas corn yield was 9 
per cent above normal, and tlie rainfall was 3 inches 
above the mean. The following table sets forth tho 
values of the corn yield percentage deviations and the 
May rainfall deviation, the colunin of corn-yield devia- 
tions being called column A and the column of May 
rainfall deviations being called column B. 

TABLE S.-CorreI:ition of corn yield with ilfizy rainJill in  Kansss. 

I 

! ! 
~ A. 

...... .......... 8- 

1 S ~ l  .................................. 
Iri9f.. ............................... I 
1s .................................. 
1s ................................... ' 
lS95 .................................. 
1S9K ................................. I 
149i. ................................. 
lsY4 ................................. ' 
1 s  .9 ................................. : 
19nn.. ................................ 
igni.. ................................ 
inn ? .................................. 
19m.. ............................... I 
IRlCl.. .............................. .' 
1Iuli. 
1Boti 
1907 .................................. 
i ~ n s  ................................. 
1909.. 
191n ................................. 
191 1 . .  .............................. . I  
1912.. ..................... ..........I 
1913.. .............................. .! 
1Y1 4 .................................. 
191.5.. ............................... 
1Ylli ................................. 
In17 .................................. 
191s.. ............................... 
1919 ................................. ' 

................................ i ................................. 

............................... i 

- \i 
- G2 
+.hi 
+?R 
+ 4  
+S9 
+47 
+1? + 1s 
+ 4  

0 
-23 
+ 4  
-s3 
+ ?  + 23 
--Ho 
-26 
-42 
-10 

.. 

+n.s 
+1.0 
-0 S 
-2.2 
-2.3 
+1.2 
-2.4 
+1.9 
-0.4 
-0. cj 

+5.3 
+1.8 
+0.2 
-1.8 
-1.9 
+1.9 
-0.3 
+1.4 
-1.9 

,;; f 

-1.n 
-1.n 
-1.5 

AB. 

Plus. I Minus. 
I- -- 

+ 5.41 ............ + 179.8 ............ + 121.2 ............ + 137.8 I ............ 

..".."..'~..... ....... + 43.7 ........... 

Summation A U= +hB7.3. 

According to the method of correlation coefficients as 
used by Penrson and l'ulo the standard deviation of col- 
umn A is 33.3, which, in effecbt. means that in Kansas 
the chances are nhout two out of three that the yield 
will not be more than 33.3 per cent above or below the 
normnl. The standard del-intion of column B is 1.94 
inches, which means. in effect, that there are about two 
cliances in three that the rainfall in Mag will not he more 
than 1.94 inches above or helow the 4.7 mean. The 
summation of tlie protluct of column A by column B is 
867.3. S67.3 c l ided  by 39, which is the number of cases 
or years inwilmd, is 39.9. 29.9 diT-ided by the standard 
deviation of column A multiplied by the standard devia- 
tion of column B, or 64.6, gives +0.463. +0.463 is the 
correlation betwoen K.ansns corn yield and the Kansas 
May rniiifnll. perfect positire correlation being + 1 and 
pe1.foi.t negative coi-relation boing - 1. 

IViwflifr rlrnirnt.9 h i  .moii.ths mid corn. yicld ,in r.iqht 
St&s.--By means of the method just illustrated corda-  
tioii coaficients ham heen workcrl out in each of the 
oiglit Stntos between yield, rainfall, aiid temperature in 
each of the four months, giving 64 correlation coefficients 
between yield aiid weather as i n  the following table: 
TABLE &--C'oi-rclation roqjirients brticwn corn, yield, and weather. 

I yield and tmipwatiiie. I Yirld and rainiall. 
1 I ! I----- 

I-I-- i I I-I-1-1-1- 
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Missouri ._____......__ 
Iowa. -. . -. . . . . . . . . . . . 
Io8a. Polk 1:'ouutg.. . 
Iowa, I.'loyd County.. 

Table 4 is worth very careful study. In  the first place, 
I wish to cnll attention to the fact that so fnr as correla- 
tion between corn yield and rainfall in Ohio is cononrnocl 
the results are practical17 iclentical with thosc of J. Wnr- 
ren Smith. His correlation hetween yield and June rain- 
fall is +0.13 whoreas niins is +0.132. For July rainfall 
he gets a corrdation coefficient of +0.59 wlierens mine 
is +0.653. For August he gets +O.3i whereas mine is 
+0.35. 

So far as Ohio is concernecl, July rainfall is uques-  
tionnbly the dominating weather factor. The teniper- 
ature in May. however, is also important. the correln- 
tion coefficient between Ihy temperaturc and yield in 
Ohio being +0.335, which is almost 8s high as the cor- 
relation coefficient between -4ugust rainfall and yiold. 

In  some States west of Ohio the temperature during 
July assunies an even more dominating pn.rt than the 
July rainfall. Note that in Illinois there is n correlat.ion 
between July temperaturo nncl yield of - 0.637, whereas 
between. July rainfdl and vielcl the correlation coefficient 
is +O.G51. I n  Missouri there is a negntive relation be- 
tween July temporatwe and yield of -0.651, wheraas 
betw-een July rninfall and yiold the correlation is oply 
+0.534. July temperature seeins to he even more im- 

kinnesota it will be noted that ,July rainf:ill means prac- 
tically nothing, the correlation coeficien t being only 
+0.133 for Iowa ancl +0.131 for Minnosota. Thoro is 
no very strong correlation coefficient for anything in 
Iowa, but the strongest is the negatke relationship bo- 
tween July tom Ierature nncl yield, of -0.294. 

which are more or less dominating so fnr as yield is con- 
cerned. For instance, in Incliana I shall take July tem- 
perature with a correlation coefficient of - 0.474, July 
rainfall with a ?orrelation coefficient of +0.501. and 
August rainfall with a corrclation cocfficiont of + 0.433. 
I n  the case of Illinois we shnll take July teniperaturc, 
July rainfall, and Mag teniporntuTe. It fist glmce it 
might be thought that August rainfall should be used 
instead of May temperature in view of the fact that the 
correlation coefficient between Ma.y temperature ancl 
rainfall is only +O.%?. As a inatter of fact, homerer, 
t l ie  correlation coefficient between -4ugust rainfall and 
corn yield in Illinois is more a iptxrent than real, initsmuch 

ortnnt in &sour1 than July minfall. In Iown and- 

In each of t 1 le eight Stntes I sllall pick out factors 

as there is a tendency for dry h ugasts to come in the snnie 
years as dry J u l p ,  whereas there is o ~ d y  a very 
tendency for a hot Mny to be followed by heavy 
in July. 

YIELD CORRELATED WITH COMBINATION OF THREE MOST 
IMPORTANT WEATHER FACTORS. 

The nest step is to find out the multiple coefficient of 
correlation between the yield on the one hand nncl the 
three selected factors on the other. This is done accord- 
ing to the following formula: 

. . . -. .(1) M 
1 -rl ,:-rl ,2 - r~ ,~~+ . ) r l ,~r l rBr2 ,3 '  R k  

where 
~ro , l z+roraa+ro ,~~-ro ,12r , ,~ - r~ ,~r l ,32 - rO,3~r1 ,2~  
--3(ro,1ro.~rl,~+ro.lro,3r1,3+1;1,2r~.~r~18) 
+ ~ ~ r o , i r o , ~ r l , ~ ~ ~ , 3 + ~ o ,  l ~ ~ . 3 r l , ~ ~ ~ , Q + ~ o , 2 ~ ~ ~ 3 r ~ ~ ~ ~ l , 3 )  

To apply this forniiil:i! suppose we tnke hfissouri, for 
esample, allowing 0 to represent the percentage clevintion 
of tlie yield; 1 to represent derintioil of June temperature 
in degrees above and below tlie mean; 3 to roprcsent the 
deviation of July tempera.ture; nncl 3 to represent deria- 

J i m  temiwrntrirr. .Tidy tenqwr.iturc. August 

Msy temperature, July temperature, August 

June temperature, July temperature, August 

May, trinpmtnre, June teniperaturc, August 

temperatiwe. 

r3m. 

m n .  

tion of August temperatures. represents the correla- 
tion coefficient between yield nnd June temperature; T ~ , ~  
the corrclation coefficient between yield and July tem- 
perature; ro.3 between piold and August temperature; rlt2 
between June temperature and July temperature; rlrJ be- 
tween June temperature and August temperature; T ~ , ~  
between July tempernture and August temperature. 
Solving the equation and securin the multiple coefficient 
of correlation between yield in a issouri and the devia- 
tions of tlie June, July, and &gust temperature we secure 
as the multiple coefficient, of correlation, 0.79. 

TABLE 5.-.lfidtiple correlntion coqfirients bcfween deiriatioirs of weather 
fiiclors and corn yield. 

Stn1e. I Correlntlon 
corfficl~t.  

0.79 

.404 

.ea 

.4& 

.67 

.68 

.56 

.746 

.s1 

.&a 

LINES OF REQRESSION. 

In  the case of every State, with the possible esception 
of Iowa anel Minnesota, thcse multiple coefficients3 of 
correlation are high enough to indicate that it is worth 
while going ahead and working out lines of regression, 
which we shall therefore undertake to do as the nest 
st,ep. The formula for working out the line of regression 
in a case of this sort where there are three factors deter- 
mining a fourth factor is as follows: 

(2) q,=a,x, +n,.r,+as.r, 
where 

-. -. . -. 

a -rCI,l(1-r2,S2) f r O . ? l r i  ,3'2,3-r1 , ~ ~ + r " , 3 ' r 1 , ~ r ~ J - r 1 J ~ u 0  
1- - ( 1 - r2,32j+r1,..(,r1 Jr2,8- r1 ,.. ! +;, ,3, vI ,2r2,a - r1 .JU~ 

a, I -ro,J 1 - r1 ,3 + r",3(f1 ~- .-yl .3- r2,3' -' .,,,&r1 ;dr2,s-rl,Juu 
(1 - rlJ2.)+r2J(,rl,2r~3- r2.3 I + ) . 1 . 2 ( 1 . 1 . a r ~ , 3 - ~ ~ , ~ ) ~ 2  

( 1 - r1 ,22)+r23(rl ,..rIJ - r2,d+rl ,d.r1 ,?rC3- rlJ)u8 
rO"otx( - rl -1) $-r0.2(r1 .?'I ,2- '2.3' +rO. l!r l  ,Zr2,3 -rl  ,8)'0 a3= 

~ll issowi  corn yie7d.--Solving t.his formula, we find as 
an answer in the case of Missouri: 

The ercentage deviation in the yield of corn equals 
- 3.S or the departure of the June t,emperature from the 
average, in degrees, -4 of the departure of the July, 
temperature from the average, in degrees, -1.5 of the 
depart,ure of the August temperature from the average, 
in degrees. 

The average June temperature for Missouri is 73.4' F., 
t.he average July temperature, 77.3' F., ancl the averaeg 
August temperature, i6.3'F. At the resent time the 
iiormal Corn yield in Missouri accordini to the method 
of secular trend is 2S.1 bushels. Translating our last 
equation, we find that it! means t S h t  a t  the present time 
for each degree June temperature is above 73.4' F. in 
hlissouri the chances are that, the Missouri corn yield will 
be cut by 0.S l~usliels, where:rs, for ench degree that t.he 
June t,emperat.ure in Missouri is below 73.4' F. the corn 
yield will be increased by 0.8 bushels. In t.he case of 
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July, for each degree that the Missouri temperature is 
above 77.3' F. the corn yield will be cut by 1.1 bushels, 
whereas for each degree that, it is below '77.8' F. it will 
be increased by 1.1 bushels. In  like manner, for each 
degree that the Au t teniperature is nbove 7Ii.3' F. the 
Missouri corn yiel r will be cut by 0.4 bushels, whereas 
for each degree that the Missouri August t,emperature is 
below 7rJ.3' F. the yield will be increased hv 0.4 bushels. 
Taking a specific case, when in Missouri the June teni- 
perature is 72.4' F., the July tempertlture, 75.3' F., a.ntl 
the August temperature, 75.3' F., we shou1d espect, a 
yield 0.8 bushels above normal because of t.he low Junr 
temperature, 2.2 bushels above normal beca.use of t.he 
low July temperature, and 0.4 bushel a.bove iiormtil 
because of the August temperature, or n total of 3.4 
bushels above normal, or a yield of 31.5 bushels per aqe. 

Predicted from forniula, the yield of Missouri corn in 
1891 should have been 3 per cent, above t.lie nornlnl. 
whereas actually it was only 11 per cent.; in 1893 it. 
should have been 6 per cent above nornial, whereas 
actually it waa 2 per cent; in 1S95 predicted from formula 
it should have been 14 Der cent above normal. whereas 

PREDICTING FORMULB FOR CORN YIELDS. 

The following predicting formuh have been worked out 
for each of the Stmates by means of formula ( 2 ) .  

Iowa: 
.r,,=O.ii.r, - 1.4.rq+l.2&r3 

where .r - )er cent de\;iat,ion of yield. 
;(=heviation of Ilay t,cmper;tture from average in degrees. 
.r,=deviat.ion of July tt?mperat.iire from average in  degreen. 
.r,=deriation of August rain from average in incherr. 

:ro=0.9S.r, -. 4.:3:3.r2+4.38:ra 
where .r,,=per cent denation in yield. 

.rl =deviation of May t,emperat.ure from average in degreen. 

.r,=deriation of July tempera.ture from avera e in degrees. 
s,=deviation of J U I ~  rain from average in incaw. 

Illinom: 

f lliio: 
~"=O.Xr,+1.9.r~+0.~.).1; 

allwe .r,,=per cent deviation of yield. 
.r,=deviation of May t.emperature from average in degrees. 
.r,=deviat,ion of .Tuly rain from average in inches. 
r,=devia.tion of lugiirt rain from average in inrlle~. 

Ka.nws: 
.t;,=3. isl + 1O.7.t',+i.5.r3 

where ro=per crnt deviation of yield. 
.r,=deviatioii of June rain lroni average in inches. 
.r,=deviat.ion oi July rain from average in  inclies. 
.~;--deviat.ion oE liigiirt rain from average in  incaller. 

Xlinnesota: 

actually it was 33 per c&it,; in 1901 it s~iould haye heen 
. 45 per cent below normal, whereas actually it was 63 

per cent below normal. 
multide coefficient of correlation Of 0.79. OW uredict,ion 

~ .~~ In spite of the rather high . .ro= 1 .fir, +O.S.r?+ 4 .Zr3 

.r,=de\%tion ( ~ f  June t.emperature from average in de rcea. 
i*..=de\iat.ion of Ailgust. temperature from avera e in tegrew. 
.~.~=de\-iat.ion of iiupii't rain from average in i n r L .  

\vIlere .r,,=per rent, devirt.ion of yield. 
formda is still somewhat inaccurate. ' Perhips other 
weather factors than June, July, and August tenip?%tmc. 
should be taken into coilsideration. One of these IS May 
tem erature; and it is found that there is a correlation 

cies between the predicted yield and the act,ual yie d of 
0.22. Again making a new predicked yield on the basis 
of May temperatures being accounted for, we stmill find 
considerable discrepanc. , and on esamining the mat'ter 

correlates with these discrepancks to the extent, of 0.4 1 
(provided that the year 1915 is left out). 

While as a general rule the corn yield in ?l!€issouri 
increases with low temperatures in June, July, aiid 
August, yet there is a possibility of too low tempcraturta 
even in hlissouri. Also, there. is a possibi1it;v of rlangrr 
by too heavy sudden rains even in Missouri, although, as a 

nerd rule, the heavier the rain cluring the summer, the. 
In 1915 the temperature and rain- 

fa1 was such t at according to the strict matlieniaticd 
formula we should have expected a yield fully 27 per cent, 
above normal. As a matter of fact, however, the weathtir 
in 1915 went to the estreme of being too cold and too 
wet even for Missouri conditions, and tlie yielcl was only 
6 per cent above normaLa 1904 is an esample of sonie- 
what similar conditions, the season being t.oo cold nnd 
wet for Missouri. I n  estremely cold, wet seyons 111 
Missouri the result normally is R crop which IS about, 
average, instead of a crop 25 per cent to 30 per cent 
above normal, as would be expected from a st,rict inter- 
pretation of the mathematical formula. It is nece?sary 
that there should be an average temperature deficlency 
below the average of a t  least 24' for each of the months 
of June, July, and August in order to prevent Missouri 
corn from being benefited by coolness and wetness. 

P coe P cient between May temperature and tlie discre an- 

further we find that J u  9 y and August rainfall comhmetl 

. 
eld 

Kfer the corn 

In  applying t,he Minnesota formula to the Minnesota 
avernges it, is well to remember that the average tempera- 
ture for 1finiiesot.a as a whole is about 2' below the aver- 
age of the corn-growing part of Minnesota. For corn- 
growin blinnesota the St. Paul temperature figures are 
p-obabfy better than those for the State as a whole. 
h e  St.. Paul averages are 5s' for May, 67' for dune, 72' 
for July, and 69' for August.. 

Floyd ('oiinty, Iowa: 
.r,,=l.Gr, +l. 14.r2+ 1.83r3 

r,=deviation of hay t.eniperature from average in degrees. 
.r2=deviation of June t,emperat.ure from average in degrees. 
.r4=deviat.ion of August, rain from average in indies. 

.r,,= - 0 . S q  - 2.4x2+3.4.r3 
where .r,=per rent deviation of yield. 

wliere .r,=deviation in ier rent of yield. 

Polk (.'ount.y, Iowa: 

.r,=deyiat.ion of June temperature froni average in degrees. 

.r,=deviation of July temperat.ure from average in degrew. 

.r,=deviat,ion of hiigiist, rain from average in inches. 

.ro= - l . l i r l  +3.t;.r,+1.5.rs 
diere .r,,=per rent deviation of yield. 

.rl d e v i a t i o n  of July temperature from avera *e in degrees. 

.r,=deviation of July rain from average in incicR. 

.r,=deviation of Aiigtmt rain from ayerage in inrlieq. 

Indiana: 

Nebraska: 
,~,,=3.4S.rl - 9.56.r2+ 3.0S.r, 

\vliere .ro=per cent deviat.ion of yield. 
rI =deiiat.ion of Yap rain from average in inrhes. 
.r,=deviat.ion of July temperature from ave 
r.,=deviation of ~ i i ~ y  rain from average in  i n T L  

i n  degrew. 

IOW.4 WEATHER A X D  YIELD OF CORN. 

In Iowa the multiple coefficient of correlation between 
vieltl and May temperature, .July temperature, and 
:iu,oust. rain is (lisappnint,ingly low, being only 0.464. 2 Flmdcd bottoms C u t  the y l e l d . 4 .  F. B. 
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. I  

17 F.. . . . . . 111 percent ciit helow normal 
corn yield as secured by 
mlslhod of secular trend. 

lis'. . . . .. . . . I :  prrccnt cnt below nomial. 
ti:)". . . . . . . . . 3 1iercent cut. lielow norinal. 
i n " .  . . . . . . . . 1 perccnt. ciit below normal. 
71'. . . . . . . . _ .  1 per cent iucrease show 

0 -  . . . . . -. . . 3 per crnt iucrensc abovc 
' normal. 

-.,I 

Since Iowa is probably the most, important, of all the 
corn States, it is felt to be decidedly worth while to work 
out the Iowa weather-corn yield problem in considerable 
detail. Superficial esamination of the evidence leads to 
the conclusion t - h t  the low correlation coefficient in IOWR 
is due to the fact that in Iowa t,liere are some seasons and 
some sections when the yield is short, because of t.lie too 
cool weather during the great.er part of t.he summer. 
whereas in other years the yield is too sliort. because of 
too hot weather. Also it is a matter of observation t,hat 
in esceedingly hot seasons trhe yield is oft.ent.imes escel- 
lent in nortliern Iowa, whereas in southern Iowa the 
yield will be very seriously damaged, and vice versa in 
cool seasons. Obviously, t;herefore, the method of c'or- 
rclation coefficients is not very well adapt.tl1 to essmininp 
the effect of weather on corn yield in Iowa. 

TEMPERATURE AND RAINFALL A S  AFPECTINC: TllE YIELD 
OF CORN IN P o m  COUNTY, IOWA. 

In order to get, a lit.t,le closer to tlic problem Itit LIS \vork 
with Polk County, Iown, for the %-year period, 1sOt to  
1919, inclusive. The yields in t.liis ctise are talwn from 
the Iowa Stat,c C!ro 1 Report.ing Service and t.hr s~mi!nr 
trend is secured for t. i ese yields nnd the perccbntage tlevin- 
tions nhove and below t.he normal is secured in just t,he 
same way as for t,he eialit corn-hit, Ststcbs. Tempm- 
tures am] rainfall are t.a%en from tlie report.s of tlie ~ ( ? s  
Moines weather burem as conipilecl nntl pi~blislirtl liy 
(%as. D. Reed, of the Des hloines weiitlier I J U ~ C ~ U ,  in II 
little pamphlet early in 1920. Using t.lic nict.liod of (*or- 
relation coefficients we fincl t.hat t.lie rclat~ioiinliip I.iet.ween 
May tern erature and corn yield in Polk C'cwnty, Iowa, is 
+0.085, E ctween June temperature antl corn yield - 0 . 3 S 2 ,  
between July temperatmure and corn yield - 0.51 0 ,  he- 
tween August temperature n.nd corn yield - 0.240, be- 
tween July rainfall antl corn yield 0.1X0, snd hct,wetIn 
August rainfall anel corn yield 0.492. The three most 
important factors apparently are June teniprraturc., Julv 
temperature, and August rainfall. The mult~iple coefff- 
cient of correlation between these t,hrec fa.ctors nntl .t,l-ie 
yield is O.fiP, which is somewlint. higher t,lian the multiple 
ioefficient of correlation secured for the ent.irc Stma t.r he- 
tween the three leading factors and t.lie yidtl. .!!pplying 
now common sense to the dat.a nntl renlizing t,lint rer- 
tain years can bt? too cold for corn in Polk C'ount.y nnrl 
others too hot., anel thnt. t~specizllly M:ty, June, iind 
Au ust can be too cold, we arrivc roughly hy the cut:- 
a n t t r y  method, hti.cketl up, also, by our prd in i inq-  es- 
amination by means of correlat.ion cot4KciCnts, titt t.lic! fol- 
lowing tables :. 

'raeLE (5tt.-( i m t  yield i n  Polk ( ' ix i idg.  l i w i i .  i ts rr~/ i .c . ful  b!i M i ! /  
1rrnp.rnt to?. 

- - . - .- . 

, - - . - 
i3' F.. . . . . ., B per cent iucrease above 

normal. I i 4 ' .  . .. . . . . ., 2 per cent increase abovk : , nOnH31. : i 5" .  . . . . . . .: 1 pcr cent increase ahovc 
normal. :?I.. . . . . . . ., 3 percent oilt below normal. 

I I . . . . . . . . . , K per cent cut helow normal. 
12percentcut belownormal. [ W. ... . .. 

( 'om yield. I !  Tempera- j 
I: tiire. ' ('om yield. Tempera- I 

tiire. i 
! ~ , _  

- -- ___ 

Coni yield. 'i T e m p r e  ' 
' tiire. ('om yield. T e i r r ~ ~ a -  

tiire. . 
i __-I I . .- 

1;5O F.. . . . . . j 6 per rent aut from norma~ as ; ;I * F.. . . . . .I 1 per cent a b v e  normal. T!;. . . . . . . . .I No increase above normal. 
,.3 . . . . . . . . . 1 per cent cut from normal. 

tit;'. . . . . . . . _ I  2 per cent cut from normal. 1 740..  ....... I 2 per cent cut from normal. 
r-0 . . . . . . . . . ~ I per cent ciit from normal. 

:I W.. . . ...-_ I 4 per rent cut from normal. IN'.. . . ._. _ _  No cut from normal. 
W.. . . . . . . . I 1 per ccnl incrcasr nliorr nor- i l  ;io.. . . .... _ I 5 per rent cut from normal. 

W . .  . . . . . . . 2 Iitbrccnl incrrnw a h v c  nor- 

I 
I lsrtrend. 

secured by method of secu- 

!I is ' . .  .. . . . . . j B pcr cent cut from normal. 

I mal. 

innl. i . . . . . . . - - ._ __ -. 

It, will lx~.not.ecl that in the cme of Junc bem mture it, 
is assumed that bot8h escesdingly low andesceoc F ingly high 
t.cmiperntures are harmful t,o corn, atid that there is a range 
nf from nbout 6s" to  '7"" tlint is neutral or slightly bene- 
ficial. It might, very possibly he true that, a t,emperature 
of 77" in June would not cut the yield by as much lt9 5 yr cent, provicletl there was plenty of rain. However, so 
ar as Polk Count.?- is concerned we have no means of 

knowing whet.lier or not, this u-oultl be the case, inasmuch 
as the only year when the temperature was anywhere near 
t.liis high \\-as in 1911, when tlie temperature was 77.5' 
ant1 wlictn t.lm rainfall wits 0.75 inch. It might very well 
lie, t,licrefore, bhat t,hc hiulier temperatures in June would 
m t .  prove harmful provich there were morc than 3 inches 
of rainfall. In fact., it is beliewcl that with 3 inches or 
iiiore of rainfall t,emperut.ures up t'o 7 5 O ,  at least, might. 
j)rctw t,o be dist,iiict~ly bencfirial. So far Polk County 
is (wiicmnwl, liowewr, it seems scm-cely worth while to 
ctonst.ruct a chart baking into consideration both rainfall 
itnt 1 temperature in .June, innsmuch as only once durin 
t.lit1 past 29 yetus has t,lie temperatmure been so very hi 
m i l  the rainfall moclerattelj- 11eav-y. In  June, 1914, t e 
tempcrsture wits 74.4O and the rainfall was 3.9 inches. 
'I'his conihin atmion of moderately high June temperat? 
wit.21 good rain proved t.0 bo decidedly favorable, but it 
is tlw only year of its kind on which t.0 base a judgment 

TARLIS &>.-.(..'orii yit*ld iii Polk C'oioitg, I o ~ i r i ~  ufwted b!y .4ugrcst f m p r u - .  
t iwr . 

h 

. .- . - .--- .. . .. . . _. 

Coni yield. 

Sloclerat.ely w:wm wettther during August 1. essential 
t80  ripm up thc corn in Polk C'ounty, especially if tho 
swson mrlier lias heen at ttll backxwti. Howeoor.' if 
t,lie tcmper:it4ure (luring August nverqes 76" the chances 
art' that there l i ~  been sc-mic! esceedingly hot weather 
(luring the first 10 or 12 d q ~ a  of August, and that this 
lint w.cat1ic.r litis come just ttt the time when hot weather 
m c l  rlroiglit, me likely to do the corn the nioat clmnage, 
just  w h ~ n  tlic liernels nro first being formed. It is 1 . . . . - 



444 MONTHLY WEATHER REVIEW. AUGUST, 1920 

IIIC!,,  .*. 
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t i .  .. . . . . . . . . 
i _.__. .._._. 
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believed, therefore, that the very sudden increase in the 
size of the cuts'in the lower part of the dugust teniper- 
atnre table is well founded. 

So far as the month of July is concerned, it will hc re- 
membered that tlisrc is a (negative) correlntion of - 0.51 
between July te..q-ern';ure and the corn yield in Polk 
County, indicating that, ordinarily the cooler tlie July 
tlie greater the cnrn yield. When thc tenipentture 
averages below 7 l 0  in July, however, it is very doubtful 
if the corn plant is benefited by any further decrease in 
temperature, especially if the rainfall is heavy and there 
is rather less than the norinal amount of sunshine. 
Reasoninv from the data presented by Prof. T. A. Kiessel- 
bach in Skesearch Bulletin No. G of the University of 
Nebraska, we know that corn plants transpire nioisture 
much less rapidly when the temperature is 70" than 
when the teniperatnre is SO". Prof. IGesselbach's data 
would indicate, in fact, that a normal acre of coim plnnts 
during 30 days of the niiddle of the summer will transpire 
at the rate of about 33 inches of rainfall when the mean 
temperature is arouncl io" .  as compared with o w r  G 
inches of rainfall when the tempernture is over SO'. 
Not only will the corn plants themselves trmspiro fnr 
more nioisture through their lenves when the temperatme 
is SO" than when the temperttture is 'TO", but tlicre will 
also be a tendency for n greater evitporation of moistiire 
from the soil itself. It 1s believctl that the chief e!Twt 
of high teiiiperaturrs in July on the corn plant in Polk 
county is rather iniliret:t, through causing incrensrtl 
transpiration of water through the 1e;i .v~ of the corn 
plant. On this assuniptix?. therefore, thc following 
table has been prepared which intlicntes the theoret,ic:i.l 
increases or cuts to be iii:i.de in the corn ?yield from the 
normal base as secured by the nictliod of secult~r trend. 
TABLE ir.-Relntion befireen Polk C'nunty, Iowa, coni p'r1t-l atid d(fftwnt 

aniozints qf July rttinfall and rl$crcnt de:irt*& qf July tiwperatiirr. 

25 per cent cut from thenor- 
r i d  as seeurcd hy t.lie 
nirthnil of sccular trcnd. 

?o p r  C ~ I  c i i i .  
14 I'rr will mt. 
S per w i t  C U I .  

- 3  
0 

+ 3  
+ 5  
+ I  
+ 7  
+ d  
+ 9  + 10 . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . 

. . . . . . . 

. . . . . . . . . . . . . . 

. . . . . . . 

I n d w  
9 _..._. _._. 

111 __._..____ 
11.. . . . . . . . . 
12 ._.._. __. . 

All practical farmers know that heavy May rainfall 
harms the corn crop in Polk County by delaying the 
preparation of the seed-bed and by delayin the date of 
planting. I therefore give the following tab B e: 

TABLE S.-Rdatwn between comi ield and May rn i? f fa~~  i i ~  Polk C'ounty, 
L r a .  

-fall. I Corn yield. 11 Rainfall. I Corn yield. 

4 per cent. cut. 
Noent. 
4 pcr ccnt increase. 
S per cent iiicrewe. 

i! inchrs. I I ~nchrs.  I 

Inchca. 
0.5. .. . . . . . . 

1.5 ... . .. ... 
3.. . . . . . . . . . 
2 5  ....._... 

10 per cent cut below normal 
as secured by method of 
sccular trend. s pcr cent eut IJelow normal. 

6 per cent eut IJelow normal. 
4 per cent eut I J C ~ O W  nnrnial. 
3 per cent cut. below normal. 
1 per cent cut 1Jelow- nirmlrl. 

1 Inchcs. 

1 3.5 .......-.I 3 per cent increase above 
15 percent cut helownormal. I normal. 
7 mr cent cut below normal. I 4 ___. . ._ - .. 3 Der cent increase above 

20 per cent cut below normal I 3. .. . . . . . . . . 
as secured by method of 
secular 1 rend. 

With soil of the type prevailing over the grea,ter part 
of Polk Count.\- there is a considerable reserve supply of 
moisture carried into the months of July and August 
from earlier in the season. Prof. Kiesselbacli's ex eri- 

(01). cit.1 indicate that there is n eriod of 20 or 30 days 

the soil for nearly twicc as much water as nornially falls 
a t  that t h e .  The reserve supply of moisture carried 
over, therefore, from early in the season may occasion- 
ally become a clct,erminino factor. The following table is 
clerisecl for tlie purpose of? t.aking into account this propo- 
sition of a rcserve supply of moist.ure, a proposition which 
bcconies especially iniportnnt in seasons when the months 
of i\lny, June, and July are lint tis well as dry. 

If the 92-day pcriod from Mny 1 to July 1 has averaged 
over '70' (My,  and tlie July rainfall is less than 3 inches, 
tlie yield will vary from the normal according to the 
t.otnl rainfall in April, May, June, and. July, in inches, as 
follows: 

nients with measuring tlie t,ranspiration from corn p P ants 

in late July and early August ~ i e n  P corn is drawing on 

'I..~HLE 9.-Rclation b e t w e n  coni yieli7 and total minjiill i 7 i  April,  May, 
Jutit', mid J u l y  iii Polk C'oci?ily, Iowa. 

. . . . - - _-___ . _. - .- 

Cnrn yicld. Corn yield. Tot;&! rain- 
1311. 

It is believctl t,lin.t. this niatker of resenre rainfall is 
chiefly important, only in yrnrs when the t.liree months 
(if hlny, June, nncl July have been unusually warm. The 
only pears of this chnrncter in tlie p s t  89 years in Polk 
County l1nve bec.11 lW4, 3901, 1911, 1913, 1914, 1915, and 
1919. In Is94 t,lic total rainfall during tho months of April, 
May, June, and July was only 5 inches, and i t  is obvious 
t,liat t.his very small amount of enrly-summer rainfall must 
halve very niucli int.ensifict1 t.he serious effects of the 
tlrouglit. nncl heat in July nntl August. Aga.in, in 1901 
there was a tot.al of only S inches of ra.infal1 in the months 
of April, Mity, June, a.nd July, and agn.in the effects of 
late summer lieat and drought were intensified. In  191s 
ant1 1919, liowover, tliere were 14 snd 18 inches of rainfall, 
respectively. in the four-months period from April to July, 
inclusive. , This rainfall was enough to creak somewhat 
of a reserve to witlistand a very considerable degree of 
lieat, and tlrought. during July and August of 101s and 
1919. 

St.ill one more table is necessary, that dealing with the 
effect of August rainfall on Polk County corn yield: 

TABLE 1Q.---h'F,IPccI of d i i g u x t  raitijiill on Polk C'oiinty coni ykld. 

Rainfall. I Corn yield. 11 1ioii:fnU. i Corn yield. 
I 

3 Der cent cut helow normal. I 1 riormal. 
No cut below normal. 1 normal. 

(( 4.5: ....__..' 4 per cent increase above 
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By using the foregoing tnhles (6-10) it is possible to 
prodict tlie yield of corn in Polk County, IOWR, with con- 
siderable ac.curacy, tho cox-rel.ztion hatween the prcdic tell 
yield and the actual yield being 0.92. 

The  most markod discrepnncy hntween the pmclictecl 
yield as secured b the tablos and t,he actual yield was in 

below normal, and tho predicted wa.s 6 per cent a.bove. 
In  1597 the damage, without, nnicli question, wns raiised 
by a cumultitive drought. After a rniuif:ill of 7 inclics in 
April, the drought8 began. nncl there were only 2.3 inches 
of rain in Ma,y, 3.1 inches in June. 2.9 inches in .July, 1.S 
inches in Awust, and 1.6 inches in Sopte+r. Orili- 
narily Polk C,ounty corn cIoos very nicelv with a ra.inf:ill 
of 2.9 inches in July ancl 1.8 inclies in i h g m t .  pro:-idatl 
the teniperatuires me not too high. I n  this pti.rticii1:i.r 
year (1897). howomr, it would seem that the rt?ry heavy 
rainfall in April must 1ia.w cInlnyed plowing or put tho 
soil out of condition, or, possililg, that, the r n t h r  s!iort 
May and .June rainfall allowed tlie sliglitJv deficient .Tdv 
and August rainfall to hnve n greater effect tlinii ~voultl 
otherwise l ime been the case. 

Beginning north of Des Moincs al:)oiit 50 miles niitl 
esteiiding to the Minnesda horclor is a wonderful corn- 
growing section, which. so f m  a.8 the rel.lat.ion of vlimatc 
to corn yield is concwned, is of ill1 altogc?ther tiifferelit 
type from that section from Des Moines soiit.li. For 
instmwe, in Floyd County t!iero are the following crirre- 
Intion coeffirients between various weat,lior fnctnrs nntl 
the corn yield, for the 1891--191$) pc?rioil: Mny t,c:ii!)eric- 
ture + 0.31, .Jiine temperature + 0.22, .July tc.:ii!wrnturc! 
- 0.10. B y p t  tempcrntme + 0.17, July rainfull - o.n!), 
A4ugust rainfnll + (J.19, nhy r:iinfd + 0.101 ri.ntl .Tunc? 
rainfa.11 + 0.0%. Wo.rni M:ip  are np xirl.iitJy niiicli morr 
iniportnnt in ~ l o y d  Countmy t'1inn in A i 1 1 C  County. ~ u n m  
tmil Augusts which are w'ci.rmc.r t1i:in tlic ii.\-cmigo tcnll t o  
help the corn yield in Floyd C!iiunty wlicri?a.; in. Po16 
County t.hose Junes and Augusts which wiiriii tlr t,linn 
tho aver?ge ordinarily hnrm tlic corn yieLl . When ilii  
attempt IS nintle to draw- up ri schctlulo o€ tdJlr?s for 
Floyil County as for PdIc C'nunty. it is found that thprr 
are t~ number of dificiiltics in the way. Thtire are too 
ninny years wlien t,lie sonson npp:ircntl-j+ ron trntlic.*t.s i t d f .  

In  a scilson wliicli is of :I did,incta type tlirc~ugliout., 
such ns  1O15, wliirli wne cfii>l nn!l wet, it, inny work dl 
right to sa.y tlint, tlie 1915 hlay trmpc.rcktiirc! of 58" cut. 
the yield by 10 per cent, that the ti?'-' Juno ttmip~mt~uri. 
cuta the yield 20 per cent.. nnd t.lie 64" Au,vust t,ttmpr:it.urr 
cut the yiclrl anothcr 20 per cent, m:iliing n tot.nl cut of  
50 per cent. When ;L giren seiwon is miscd ir. it,s 
tendencies, however. it is diflicult to Ijredict just it-1in.t 
will hrtppen in nortliern Iown. For 1nst:ince. in 1!1lL' 
May ani1 July wrre w~iriii, w1ierr:is -Julio antl h g w t  
were cool. I he rainfall miis pr:i,ct,i(:tilly nc.irniaI tIirou;:Ii- 
out. Any system of tables which wI)u1d apply t.o the 
bulk of the p:wt 39 years in Flriytl C'ounby woultl crctlit, 
t,he year 1912 with tt crop only sliglit,ly itl)orc ni.iriii:ilq 
whereas it ac.t<ually was e.+tim:it.cd nt X! ptv cent, :i.brivc 
normal. 

While the correlation cnefficient,s for Floyd count,!: (lo 
not reveal any tendencies for t.lie corn yield to  be s:criou.;ly 
affectecl 11y heat and drought in July and August., t,lierr 
nevertheless were certain years when t.he yield wa.s 
unquest,ionably very seriously cut by h a t  and drought. 
during the latter part of blie summer, not,ahly in 1S94 
and 1901-an accuniulat.ive drought e.sisting since 
spriqg cawing the trouble in 1894 and high July heat 
causing tlic troublc in 1901. 

Even in nortliern Iowa it sliould be possible aft,er 
very cueful study to devkc some kiud of system of esti- 

. the year 1807, wien 9 the ac.t,i.ia.l yield was 17 per cotit 

P 

r -  

mating the corn yield from the weather with a fair 
degree of nccuracy. However, it will never be possible 
to extimate the corn yield in northern Iowa by knowing 
t h  w\.en.ther wit*li as great a deoree of accuracy .as is 
pcissihle in the rest of the corn bat,.' ' Too much rainfall 
very oft.cn causes clamawe in the nort.liern part of Iowa, 
but it is impossible t.o t.81 nicrcly b.v examining monthly 
rttinfidl records just wlien the ra.infal1 was too heavy. 
The worst corn crop failure of the past 39 years in 
Floyd County was in 1915, a year when the four months 
of May, June, July, n.nd August averaged 5O below 
normnl antl wlwn tlic May rainftill was 3 inches above 
nnrnial. In 1S91, when t,he temperature for the four 
suninicr nionbhs wa4 almost as low as in 1815, with an 
tirerage of 4.5' I,rlow nornial for the four summer 
niont.Iis, the yicld mas 12 per cent above normal; but in 
1893 t.he rninfall in May was only 1.9 inches, or nearly 
2 inches below normal. It, seems t.0 be a double combi- 
na.t.ion of coli1 anti wet, which does 6he most damage in 
Floyd Countmy, nnd probably in northern Iowa generally. 
The \-car of liotii-iest Map rainfall in Floyd County waa 
in 1902, with 9.3 inches, but that year the May t,empera- 
t.ure was 5' abovc norinal ancl tlie yield of corn was 12 
pcr ccnt above norninl. &Core or less supeidlcial esami- 
nation o I  the ilat,:i, I)nckc.tl up by a study of correlation 
voefFic.icnt,s, would lead to t.lie conclusion that cold 
during Jlny, June, ani1 August does considerably more 
cl:i.magt? thin an excess of rain, but that! cold will not do 
its ninsimuni clama.gc unless accompanied by heavy rain, 
rspcciallq- in Map. It) is suggested that unduly heavy 
ri11114 during July mid early August, may possibly damage 
the (mrn yield in northern Iowa in rather backward 
simons b.v clecrrming t,hc amount, of sunshine, the effect 
of t.he docrcti.scd amount of sunshine being felt only in 
yews m h c ~ n  t.lio t,empernt,ure t.liroug1iout the summer is 
rii t h r  l~clow nnrnid. 

CONCLUSIONS. 

duly rn.infa.11, while a dominating factor in determining 
corn yield in Ohio, is not such a dominat,ing factor in 
many of the ot.lier corn-belt Stat.es, and in northern 
Iowa cslwcially July rninfnll ordinarily has very little 
influence on corn yield. Encli State is a specific problem 
in itself, and the pro1~abilit.ies are that each county in a 
Stitte is a specific problem. I n  Polk Count.y, Iowa., for 
in.;t,ntice, i t  was found that t,liere is a t,entlency for warm 
,Junr?s to linrm t,he corn yield, each degree of increase in 
t.empernt.ure cutt,ing the corn yield by 0.8 of 1 per cent, 
wliercns in Floyd Counby, Iowa, only 150 miles farther 
nort,li, warm Juncs benefit the corn yield, each degree 
increase in June tempernt.ure ndtling 1 per cent to the 
corn yield. 

Tilt? priiLlem of predicting corn yield from tlie weather 
is relat,ivcIy dimple in t,lie sout.liern ha.lf of t$e corn belt, 
iiot,aIIly in I<RI~BRR, Missouri, and southern Illinois where 
rlrouglit, nnd lieat in June, July, and August are the chief 
influrnces. The problem is to measure the degree of tho 
tlrought. unil hea.t with accuracy. 

Careful examination of the rainfall, temperature, and 
c.oni yield datu in the rarious corn-belt States leads to 
blie belief t,ha.t while the niethod of correhtion coeffi- 
cients is \-pry useful for pre1iniinn.r.v esaniination of the 
data, ant1 while this met,hod gives fairly good predict1n.g 
fornidR in t,he southern pwt  of t,he corn belt, yet It 1s 
not a t  nU well ndaptecl to tho iiorthern art of the coin 
belt., axid especially to no ttliem Iowa. $he relationship 
between corn vield mid July temperature, for instance, 
is not strictly linear, but more in the nnture of a horse- 
shoe cui-vo. For instmce, when the July temperature is 
GS" the yield may possibly teucl to be 6 per c u t  above 
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tables somewhat after the fashion of t.hr t.a bles a-cdwtl 
out in predicting the yield of coni in Polk County, 11)wi. 
The.sc tables are rather roil hlp workccl cnit. aiiicl arc' 
certainly open to ob'ection t o m  the stn.ncipoiii t. o f  r ~ -  
fined mathematics, kut t,he.v illwt.ra.tc the priwiplcs 
involved. 
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nI8czI88IoN. 

(1) In the central portions of the corn belt much of the 
In 

to be re lanted. and this delays it so much that it. is 

quence, the yield for the State is reduced. This distmh- 
ing factor, only indirect'l connected with tho weather of 

of the 'eld per acre of corn harvested for grain. 
(2) gwing to the differelices in tho dates of plantiiig 

corn one year and another, the weather of n particular 
month does not affect corn in the same way year after 
year, even if the weather of thst  mont,h sliould be identi- 
cal in, say, two years under consideration. This difi- 
cults could be eliminated by takin the weather not by 
calendar months but b periods fol f owing tho mean date 
when corn was plantezin the region sa.ch y6a.r. 

(3) The use of periods as long as a month is uiisatis- 
factory in that a certain month with n nieaii tempera,turt! 
about normal may appear to hare ha.d usual temporaturos 

own on bottom lands, subject to oTerflow. 
years '"F o late spring or early summer floocls, this corn has 

likely to %I e frosted before reaching maturity. In  cnnse- 

the particular State, c.ou f d be eliminated by using figures 

Wheat. ._._ _ _  
Corn. __. . . . . . 
Oats.. . ._. . . . 
Barlev. .. ..._ 
Flax.'__.. ..__ 

when in reality it was one with a very hot eriod and a 

occur. The week would seem to be the better unit to 
use. 
(4) Considering (81 and (3) tihove in conjunction, Prof. 

Smith's studies of the effect, of weather for the 10 days 
following the average 'date of tasseling. for example, if 
applied mdiviclunlly to each year instead of by use of 
twerages, would pmbnbly give consistent results. 

(5) In the northern part of t.he corn belt much of the 
corn is plantsd without any real hope of harvesting it for 
grain. In a good year, that is, i n - a  year witsh weather 
that uwuld he nornial 100 or 200 miles farther south? the 
corn is harvested with n.s mood a yield as is usually oh- 
t i n e d  a little farthcrr so&. In a poor year, when the 
wea t.her clelays the crop. or when a frost comes miusually 
e d y ,  the corn is harvested for sila e. It is evident that 

he ideal for corn. but Tct an early frost may reduce the 
yidd 20 pc!r cent or ? ouw o ~ e r  H large portion of the 
iiorthorn part, of the corn belt. This would be like throw- 
iiw a nionkey-wrenc.h into the wheels of the formula.. 

%ius, the length of tlic growing soason ea.c~i yew unt~  
the speed i f  the dercrlopmtmt. of t>he cro > are important, 

northern part, of t,he corn belt. 
To make a study in accordance iyith these suggestions 

would prohihly require ~ i i  impossible amount of labor 
€or otic person. But if on(? inrostigator takes om? asbect 
or rme locnlit,~- niid others do likewise, thero may be some 
Iiopc of a. mat.liemnt~icd soliit,ion of the effect of weather 
cm vrop yielrls along much niow detailed lines t.1ian 
I iithtrr t o .- P?i odes P'. RrooX.8. 

very cool period, a combination not a t  a1 P unlikely to 

the weather of May, June, July, a.11 % August may actually 

fnct,ors to he considered in computing t f ie yield for the 

12.4 
lfj. 3 
13.4 
li. 1 
21.1 

DAMAGE TO CROPS BY WEATHER. 

'.l'hc! Bureau of Crop Estimates publishes a tablo in the 
.lfoii.fh7!/ C'rop R~portrr  each year showing the per cent of 
damngn t,o crops in the Thitsd Stat.es due to different 
('I-Luses. The figures w e  from est.imat.es by t,heir large 
c*orps of crop correupoiident.s. and * '  niay be regarded 8s 
i d e s  ~iunibc?rs reflecting the r e l a t h  influence yearly of 
d iff oren t f air. t.ors t i f f  ec t i w  pinltls. " 

~ i e  t . u ~ e   ow gives 9ie Hvernge dtimttge, \)y the differ- 
orit, fact.ors. for the pried from 1009 to 1910. inclusive. 
c?sc*spt. for apples and Imrries. which is from 1912 t.o 1919: 

Tobacco ... . . . 
Hay __.. . . . . . . 
Apples.. . . . . . 
Berries _...... 
Cotton. .. .. . . 

-s. i 
13.4 
5. I 
9.3 

12.3 

Rirr ..._..._. ti.; 
Potatoes. - -. _I 14.4 

- 
_I - - - - 
.* 
e 
* 
M 

2.0 
1. s 
2.7 
1. 8 
1.3 
3.1 
3.1 
3.7 
1.7 
1.6 
1.7 
4.3 

d .I .- 
d 
d d 

- 

- 

- 

- .- 
s __  
1.1 
. 4  
. 8  

1.3 
1.7 
(.I) 
.1 
. s  
. I  .s 
. 5  
. 5  
- 

. ,  
i I . E , ?  
0 : i !  
L I .B 
b , e  

u 

- 
c e l 5  
r ' i B  

31.8 2.3 
14.1 1.2 
20.7 4.4 
15.8 .4 
18.1 .1 
24.9 3.7 
LW.3 1.1 
"2.3 2.0 

I I  
G 1 %  

d " p $  
r z ,  
B z :: 
- 5 -  

3.1 0.2 0.2 
2.7 . 2  .7  
. 9  .1 - 2  
.7  .3  .1 
. 9  .1 .3  
.8 .3  .1 

3.2 .1 .3 
2.6 ..... . 1  
. 5  .1 . I  

3.6 .1 .... 
.I .1 .... 

9.7 ( 1 )  . 2  
-___. 

_. . 

- 
d - 
& - 
2s. s 
32.1 
21.5 
2s. i 
36. I 
19.0 
30.0 
20.5 
20.4 
39. A 
24.9 
35.5 
- 

1 Less than 0.05 per cent. 

It will bo noted that u very large part of the total 
clamage or loss is clue to unfavorable weather; also that 
deficient moisture is the great& single damaging factor 
in connection with every crop, except apples. Low teni- 
pernture causes nearly tllree times as much damage to 
apples as dry weather.--J. Warren Smith. 


